The study of polarized branching ratio and different lepton polarization asymmetries in the ex- 
with L, R = 1 2 1 ∓ γ 5 are the chirality projection operators, Additionally, there are the chirality flipped operators,
i.e.,
as well as for the scalar and pseudo-scalar operators:
The focus of the present study is to investigate the decay processes B → K * + − in the two-Higgs-doublet-model (THDM) which is among the natural and the most popular extensions of the SM. In SM the generation of mass is through the one Higgs doublet, whereas, in the THDM we consider two complex Higgs doublets. In order to avoid the tree level FCNC transitions in the THDM an ad-hoc discrete symmetry [11] is imposed which leads to two different possibilities:
• In order to keep the flavor conservation at the tree level if one couples all the fermions to only one of the Higgs doublet then it is called to be the model I.
• In second version the Higgs sector of the THDM coincides with that of the supersymmetric model, i.e., when the up-type quarks are coupled to the one Higgs doublet and the down-type to the second one. This is named as model II in the literature.
The physical contents of the Higgs sector contain a pair of charged Higgs bosons H ± , two neutral scalar Higgs bosons along with the fermion Higgs interaction vertex, tanβ are obtained from the experimental observation of branching ratios of b → sγ, B → Dτ ν τ decays and K −K and B −B mixing in the literature [12] . Consistent with the low energy constraints, the FCNCs involving the third generation are not as severely suppressed as the one involving the first two generations. Contrary to the SM and the first two versions of the THDMs mentioned above, here exist a single CP phase of vacuum which leads to a rich source of the phenomenological studies of CP violating observables [12] [13] [14] [15] [16] [17] .
Here the focus of discussion are the polarized branching ratio BR and the different lepton polarization asymmetries for B → K * + − decay in type III of the THDM and compare them with their SM values. In regard to the FCNC transitions, the remarkable feature of the THDM is that in this class of models the manifestation of the NP is two fold, i.e., through the modification of the Wilson coefficients as well as through the new operators in the effective
Hamiltonian. Therefore, the measurement of above mentioned observables in B → K * + − decays might help us to get hints of the profile of different parameters of the THDM in these decays.
The paper is structured as follows. In Sec. II we present the theoretical framework for the decay B → K * + − necessary for the study of the THDM. In Sec. III we present the basic formulas for physical observables such as decay rate, forward-backward asymmetries A F B and the lepton polarization asymmetries. Whereas the numerical analysis and discussion on these observables is given in Sec. IV. Section V gives the summary of the results of our study.
II. EFFECTIVE HAMILTONIAN
In this section we give the effective Hamiltonian for B → K * + − decays that at quark level are governed by the transition b → s + − . After integrating out the heavy degrees of freedom from the full theory, the general form of the affective Hamiltonian for the SM and the THDM can be written as [18] :
where 
Here M j (Γ tot j ) are the masses (widths) of the intermediate resonant states and Γ(j → l + l − ) denote the partial decay width for the transition of vector charmonium state to massless lepton pair, which can be expressed in terms of the decay constant of charmonium through the relation [27] Γ(j → + − ) = πα 2 em 16 27
The phenomenological parameter k j in Eq. (15) is to account for inadequacies of the factorization approximation, and it can be determined from
The function ω j (q 2 ) introduced in Eq. (15) is to compensate the naive treatment of long distance contributions due to the charm quark loop in the spirit of quark-hadron duality, which can overestimate the genuine effect of the charm quark at small q 2 remarkably 1 . The quantity ω j (q 2 ) can be normalized to ω j (M [28]. The long-distance contribution is difficult to estimate, and to incorporate them a universal correction to C 9 arising from the long-distance charm-loop contribution, that we parametrize as [29, 30] : 
where
W and C b→sγ is the absorptive part for the b → scc → sγ re-scattering.
1 For a more detailed discussion on long-distance and short-distance contributions from the charm loop, one can refer to references [19, 27, [31] [32] [33] [34] [35] . 
where p is the momentum of the B, ε and k are the polarization vector and momentum of the final state K * vector meson. The form factor A 3 (q 2 ) can be parametrized as
In addition to the above form factors there are some penguin form factors, which we can write as
are the non-perturbative quantities and to calculate them one has to rely on some non-perturbative approaches. In our numerical analysis we use the form factors calculated by using Light Cone Sum Rules (LCSR) [19] . The dependence of these form factors on square of the momentum transfer (q 2 ) can be written as
. (26) where the values of the parameters F (0), a and b is given in Table I .
From Eq. (13) it is straightforward to write the penguin amplitude
where [19] .
The auxiliary functions (f s) which contains both long distance (form factors) and short distance (Wilson coefficients) effects and these can be written as
In this section we will present the calculations of the physical observables such as the polarized branching ratio and the various lepton polarization asymmetries P L,N,T
In the rest frame of B meson the differential decay width of B → K * + − can be written as
where M is defined in Eq. (29) and
Now the limits on q 2 and u are
and
Here m corresponds to the mass of the lepton which in our case are the µ and τ . Finally, the decay rate takes the
The function u(q 2 ) is defined in Eq. (44) and B(q 2 ) is
In case, when the final state meson, i.e., K * is polarized, the total decay rate for the decay B → K * + − can be written in terms of longitudinal Γ L and transverse component Γ T as [46] :
where the functions A L and A ± are given in the appendix.
Finally, the polarized branching ratio can be written as
where Γ tot is the total decay width of the B decay and its value is obtained from [47] .
B. Lepton Polarization Asymmetries
In the rest frame of the lepton − , the unit vectors along longitudinal, normal and transversal component of the − can be defined as [40] [41] [42] [43] [44] [45] [46] :
where p − and k are the three-momenta of the lepton − and K * meson, respectively, in the center mass (c.m.) frame of + − system. Lorentz transformation is used to boost the longitudinal component of the lepton polarization to the c.m. frame of the lepton pair as
where E and m are the energy and mass of the lepton. The normal and transverse components remain unchanged under the Lorentz boost. The longitudinal (P L ), normal (P N ) and transverse (P T ) polarizations of lepton can be defined as:
where i = L, N, T and ξ ∓ is the spin direction along the leptons ∓ . The differential decay rate for polarized lepton
+ − decay along any spin direction ξ ∓ is related to the unpolarized decay rate (45) with the following
The expressions of the longitudinal, normal and transverse lepton polarizations can be written as
Here we have dropped out the constant factors which, however, are understood. The average value of different lepton polarization asymmetries can be written as:
where the subscript i can be L, T and B is the branching ratio. The upper limit of integration, i.e., s r corresponding to the value of momentum transfer below the resonance region.
IV. NUMERICAL RESULTS AND DISCUSSION
This section is dedicated to the numerical results of the polarized branching ratio BR L,T and different lepton polarizations asymmetries P L,N,T for the B → K * + − decays with = µ, τ . At first the numerical values of input parameters which are used in our numerical calculations are given in Table II [ Of course to perform the numerical analysis, another important ingredient is the form factors. The values of the form factors used in the upcoming analysis are the ones calculated using the QCD sum rules and these are summarized in Table I .
In the model under discussion, i.e., the THDMs, the free parameters in these models are the masses of charged
Higgs boson m H ± , the coefficients λ tt , λ bb and the ratio of the vacuum expectation values of the two Higgs doubles,
i.e. tanβ. The coefficients λ tt and λ bb for the version I and II of the THDM are:
λ tt = cot β, λ bb = − cot β, for model I, λ tt = cot β, λ bb = + tan β, for model II.
and for version III of THDM, these coefficients are complex, i.e., that in THDM of type II the charged Higgs contribution to B → τ ν interferes necessarily destructive with the SM contributions [48] . The enhancement of Br(B → τ ν) is possible if the absolute value of the contribution of the charged Higgs boson is two times the SM one, which then conflict with the B → Dτ ν decay. Furthermore, this version of THDM failed to explain the observed discrepancy of 2.2σ in R(D) and 2.7σ in R(D * ) compared to their SM value. In order to cure this situation, a detailed discussion on the model III has been done in Ref. [49] . The purpose of present study is not to put the precise bounds on the parameters of versions of THDM but is to check the profile of different physical observables, e.g., the polarized branching ratio and the lepton polarization asymmetries in B → K * + − decays in THDM of type III. Here, we would like to mention that similar study exist in the literature [50] but the choice of observables is different as well as the important contribution form the charm-loop in Wilson coefficient C ef f 9 is ignored.
To start with, first we will discuss the polarized branching ratios (B L,T ) for the decays B → K * + − , with = µ, τ which we have plotted as a function of s = q 2 (GeV 2 ) in Figs. 1− 4, for different sets of masses given in Table IV .
These figures depict the trend of B L,T both for the cases of muons and tauons as final state leptons. One can notice that the polarized branching ratios are sizeably influenced due to the parametric variation of THDM of type III.
Apart from the graphs we can see that the Wilson coefficients corresponding to the NHBs in the THDM are inversely and C 10 , the THDM contribution is directly proportional to λ tt . Therefore, the effects are expected to be large for large value of λ tt which is for the Case C and Figs. 1− 4 justify this fact .
In Fig. 1 we can see the behaviour of longitudinally polarized branching ratio in B → K * µ + µ − decay with square of momentum transfer s. It can be noticed that for Case A the effects of THDM lies inside the uncertainty region of the SM. However, the effects become prominent as we increase the value of λ tt and choose different mass sets. In case of mass sets I and III, the most dominant contribution comes for the Case C where the longitudinally polarized branching ratio is very distinct from the SM as well as from the Case A and Case B. The things are even more prominent for mass sets II and IV, where branching ratio for Case B and Case C are an order of magnitude larger than the corresponding SM and Case A values. This can also be seen in Table V , where we have given the integrated values of above mentioned observables in the limit that lies below the resonance region. Similar effects can also be seen in B → K * τ + τ − decay (c.f. , Fig. 2 ).
Likewise, we have plotted the transverse polarized branching ratio of B → K * + − against s in Figs. 3 and C 10 that are directly proportional to λ tt . Hence, the most prominent results are expected for the Case B and Case C and Figs. 3 and 4 justify this claim. It can also be seen in Table VI where the values of transverse polarized branching ratio differs by the orders of magnitude for mass Sets II and IV. Therefore, the measurement of these observables will help us to restrict the parametric space of type III of the THDM. TABLE V: The longitudinally polarized branching ratio for B → K * µ + µ − decay in the SM and THDM with different set of masses. The limit of integration on q 2 is set to be below the resonance region.
Another interesting observables in exclusion B meson decays are the various lepton polarization asymmetries. Set IV 1.78 × 10 −7 1.87 × 10 −6 2.00 × 10
TABLE VI: The transversely polarized branching ratio for B → K * µ + µ − decay in the SM and THDM with different set of masses. The limit of integration on q 2 is set to be below the resonance region.
Contrary to the branching ratio, these are less influenced by the uncertainties coming through different inputs where the most important are the form factors. Keeping this in view, below we are going to discuss the longitudinal and normal lepton polarization asymmetries in B → K * + − decay.
First, we will discuss the longitudinal lepton polarization asymmetry (P L ) whose expression is given in Eq. (55). It can be noticed that, this asymmetry depends on different combinations of the Wilson Coefficients that are encoded in the auxiliary functions f 1 , ..., f 8 . Therefore, one can expect large dependency of these asymmetries on the various parameters of the THDM, hence, making this observable fertile to extract the NP. In Eq. (55), the last term which involve the contributions from the NHBs is the mass of lepton suppressed compared to other terms, therefore, it will (a) (b) Table VII . Here, we can see that for λ tt = 0.3, the average value of P L shifted from −0.771 to −0.339 and −0.10 for the mass Sets I, III and Sets II, IV, respectively.
In Fig. 6 we have plotted the trend of P L for B → K * τ + τ − decay with the square of momentum transfer s for different choices of the parameters of the THDM of type III. Contrary to the µ's as final state leptons, in the present case, the effects due to different choices of mass sets are more pertinent. The one obvious reason is that the suppression due to mass of final state lepton in the last term of Eq. (55) is somehow lifted in comparison to the previous case.
We can see that the maximum value of P L shift in mass Sets I and III are of the factor of 3, where as for the Sets II and IV this shift is a factor of 4. Therefore, the measurement of this observable may help us to distinguish between different ranges of mass parameters in THDM of type III.
Figs. 7 and 8 show the dependence of normal lepton polarization asymmetries with the square of momentum (55)), where most of the terms are positive and the one which is negative is mass of lepton suppressed, in the present case, it is evident from Eq. (56) that we have both positive and negative terms in the expression. It is, therefore, expected that at certain value of q 2 this asymmetry will cross zero in the SM (even below the resonance region) and Fig. 7 justify this fact. This zero crossing can also be seen for the Case A of the THDM, where the value of P N remains positive for the Case B and Case C. Compared to the P L the value of P N has suppressed because of its proportionality to mass of lepton (c.f. Eq. (56)).
In Table VIII , we have given the values of P N after making integration on the square of momentum transfer s with different set of masses. The limit of integration on q 2 is set to be below the resonance region.
We now discuss the dependence of transverse polarization asymmetries on square of momentum transfer for the decays B → K * + − . It can be seen from Eq. (57), that it is proportional to the imaginary parts of the Wilson coefficients which are too small both in the SM as well in the THDM. Therefore, the value of P T is too small to be measured experimentally. 
V. CONCLUSION
This study on the rare B → K * + − decays, with = µ, τ , focus on the analysis of polarized branching ratio (B L,T ) and the different lepton polarization asymmetries in the SM and in the THDM of type III. The main results of the study can be summarized as follows:
• We have observed that the longitudinal polarized branching ratio B L deviate sizeably from the SM in different parametric space of the THDM type III. In case of µ.'s as final state leptons, the value of B L differs by an order of magnitude from the SM values for different mass sets. The situation is same when we have calculated the transverse polarized branching ratio (B T ).
• The longitudinal, normal and transverse polarization asymmetries of leptons are calculated for different para- It is well known that experimentally it is hard to reconstruct the τ 's, therefore, the most interesting decays are the ones which involve the µ's as final state leptons. In order to observe the longitudinal lepton polarization asymmetry in B → K * µ + µ − the number of events of BB required are around 10 8 − 10 10 which lies well in the range of LHC. Therefore, with the Run II of LHC, we hope that the measurement of these observables will help us to have some clues of the THDM.
and C 10 can take the form [17, 18] : 
